H eparin-induced thrombocytopenia (HIT) is a serious complication of heparin therapy that has a high rate of morbidity (thrombosis and amputation) and mortality. In the past, a number of different anticoagulants have been used to treat HIT in an attempt to prevent these complications. More recently, direct thrombin inhibitors have become popular. This systematic review summarizes the risk for thrombosis in HIT patients when heparin therapy is stopped; evidence of the efficacy of thrombin inhibitors in patients with HIT with and without thrombosis; evidence supporting the use of thrombin inhibitors in patients with a history of HIT who require a coronary intervention procedure; and the risk for bleeding when antithrombotic agents are used.
Arch Intern Med. 2004; 164:361-369 Heparin-induced thrombocytopenia (HIT) is a serious complication of heparin therapy. During the past decade, considerable progress has been made in diagnosing HIT and understanding its pathophysiology; more recently, a number of alternative strategies for treating HIT have been evaluated. In this article, we will review studies that have evaluated new anticoagulants as replacements for heparin in patients with HIT.
The rationale for using novel anticoagulants in patients with HIT is based on the observation that HIT is caused by heparin-dependent IgG antibodies (HIT-IgG) that bind to a confirmationally modified epitope on platelet factor 4. 1, 2 The binding of heparin and other glycosaminoglycans to platelet factor 4 alters its shape, rendering it immunogenic. 2 The IgG/platelet factor 4/heparin immune complexes bind to platelets through the platelet Fc receptors. 3 The occupancy of these platelet Fc receptors activates intracellular protein kinases, thereby initiating platelet activation, platelet aggregation, and the generation of platelet-derived microparticles. 4 These microparticles are procoagulant, and it is likely that they trigger the thrombotic complications of HIT.
Studies have shown that the morbidity and mortality of HIT are consequences of the venous and arterial thrombi that characterize the disorder. [5] [6] [7] These thrombi, in turn, result from intense thombin activity in patients with HIT, an observation that provides the rationale for using thrombin inhibitors in these patients.
When HIT is suspected clinically in a patient who has had an acute thrombotic event (HIT and thrombotic syndrome [HITTS]), it is standard practice to stop heparin therapy and replace it with an anticoagulant therapy that does not cross-react with the HIT-IgG.
Recently, an alternative anticoagulant to heparin has been suggested for use in those HIT patients who have thrombocytopenia with no clinically overt evidence of thrombosis. This suggestion is based on evidence that if left untreated, these patients are at high risk for development of a thrombotic event in the ensuing days.
A number of anticoagulants have been used in patients with HIT, including warfarin sodium, dextran, ancrod, low-CME course available at www.archinternmed.com molecular-weight heparin, and heparinlike agents such as danaparoid sodium. It is now known that warfarin can be dangerous if substituted for heparin in patients with acute HIT, because it can lead to venous gangrene. 8 Dextran is a weak antithrombotic agent in the setting of acute venous or arterial thrombosis. Ancrod is no longer used in HIT patients, because it does not have thrombin-inactivating activity. 9 Low-molecular-weight heparin should not be used because of cross-reactivity with HIT-IgG. Danaparoid has been used in the treatment of HIT patients, although it exhibits cross-reactivity (in vitro) in 10% to 20% of patients with HIT. 10 Danaparoid is no longer available in the United States for treatment of HIT, but is still available in other countries. In recent years, treatment options for HIT have increased because of the approval in the United States of 2 direct thrombin inhibitors, hirudin (lepirudin) and argatroban.
In this review, we will address the following questions: (1) What is the risk for thrombosis in a patient who has isolated HIT when heparin therapy is discontinued? (2) What is the evidence of the efficacy of thrombin inhibitors in patients with HIT and HITTS? (3) What is the evidence supporting the use of thrombin inhibitors in patients with a history of HIT who require a coro-nary intervention procedure? and (4) What is the risk for bleeding complications with each antithrombotic agent?
METHODS
The search for relevant articles was performed in Gateway and EMBASE. The Gateway search engine included MEDLINE/PubMed, OLDMEDLINE, LOCATORplus, MEDLINEplus, DIRLINE, AIDS Meetings, Health Services Research Meetings, Space Life Sciences Meetings, and HSRProj. The search terms used in each database included heparin-induced thrombocytopenia combined with diagnosis, treatment, or natural history in the title or as a text word. The search was restricted to Englishlanguage publications and human and clinical studies. All citations from each search strategy were downloaded into a Reference Manager database (Thomson ISI ResearchSoft, Carlsbad, Calif), and the individual databases were combined to remove duplicate citations. The titles and abstracts of the citations in the final database were reviewed independently by 2 individuals (N.H. and a research assistant), and each abstract was coded as relevant or irrelevant, with the relevant articles further coded according to diagnosis, treatment, natural history, and laboratory testing or review article. All relevant articles within each of these 5 categories were retrieved in full. The reference citations in the review articles published back to the year 2000 were also reviewed to identify any additional articles about treatment that may not have been identified by the search strategy described.
We then assessed the articles dealing with treatment and included them in this review if they met the following criteria: study design of a randomized controlled trial, a prospective cohort study, or a retrospective observational study that evaluated consecutive patients; treatment consisting of argatroban, lepirudin, or danaparoid; and inclusion of a minimum of 30 patients. For the purpose of this review, HIT patients include those with thrombocytopenia only and no clinical evidence of a thrombosis. Heparin-induced thrombocytopenia and thrombotic syndrome indicates that the patient had thrombocytopenia and a thrombotic event that was caused by the HIT and not a preexisting condition for which the heparin was given.
RESULTS
A total of 999 potentially relevant citations were identified in the database of publications. Through the title and abstract review process, 86 articles were identified that dealt with treatment options in HIT. After review of these articles, 9 were identified as meeting the predefined criteria for inclusion in this review. The eligible articles included 1 study 11 that provided information about the prothrombotic nature of HIT; 3 studies 12-14 that provided information about the risk for thrombosis in HIT patients who are left untreated ( Table 1) ; 3 studies that evaluated the efficacy of lepi- Abbreviations: HIT, heparin-induced thrombocytopenia; HITTS, HIT and thrombotic syndrome. *Includes thrombolytics (n = 4), plasmapheresis (n = 3), dextran (n = 17), gamma globulin (n = 1), low-molecular-weight heparin (n = 1), danaparoid sodium (n = 1), hirudin (n = 1), and bivalirudin (Hirulog; n = 1). rudin in patients with HIT, all of whom were compared with historical control patients ( Table 2) [15] [16] [17] ; 2 studies that evaluated the efficacy of argatroban in HIT patients, who were also compared with historical controls ( Table 3) 14, 18 ; and 1 study that used argatroban in patients with a history of HIT who required a coronary intervention procedure. 19 The initial search identified 2 studies that investigated the use of danaparoid in patients with HIT; however, neither of these studies has been included in this review, as they did not meet the inclusion criteria. One study was a randomized controlled trial in patients with HIT that compared danaparoid and dextran 70; however, fewer than 30 patients received danaparoid, and the study did not report clinically relevant end points. 20 The second study, by Farner et al, 21 was a retrospective review of HIT patients who were treated with danaparoid; however, the patients were not consecutive, so the potential for a selection bias prevented conclusions about morbidity and mortality associated with the use of this drug.
RISK FOR THROMBOSIS IN PATIENTS WITH HIT WHEN HEPARIN THERAPY IS DISCONTINUED
Theoretically, patients with HIT and no evidence of thrombosis at presentation remain at risk for thrombosis until the prothrombotic risk is dissipated. Information about the prothrombotic nature of HIT is provided by 1 prospective and 3 retrospective studies ( Table 1) . [12] [13] [14] In the prospective study by Warkentin et al, 11 665 patients undergoing hip surgery were treated with unfractionated heparin or low-molecularweight heparin, and venograms were performed 7 to 10 days after surgery. Estimates of the risk for clinically overt thrombosis when heparin therapy is discontinued in patients with isolated HIT (without thrombosis) is provided from 3 reports. [12] [13] [14] The data summarized in Table 1 indicate that the risk for thrombosis in patients with HIT in whom heparin therapy is discontinued ranges from 19% to 52%.
Warkentin and Kelton 13 performed a retrospective medical chart review of 62 patients with isolated HIT at presentation to determine the 30-day frequency of thrombosis when heparin therapy was stopped. Some of the patients were treated with warfarin. The frequency of thrombosis was 51.6% at 30 days and did not appear to be influenced by substituting warfarin for heparin. Lower estimates of the risk for thrombosis after cessation of heparin therapy were ob- In summary, the available evidenceindicatesthattheriskforthrombosis in the days to weeks after stopping heparin therapy is at least 20% and possibly as high as 50% in HIT patients who present with isolated thrombocytopenia.Thisevidencesupports the view that alternate therapy with a rapidly acting anticoagulant should be initiated when the heparin therapy is discontinued.
EVIDENCE OF THE EFFICACY OF THROMBIN INHIBITORS FOR HIT AND HITTS
The following 3 antithrombotic agents have been evaluated in patients with HIT and HITTS: argatroban, lepirudin, and danaparoid. As indicated previously, the danaparoid studies failed to meet the criteria for inclusion in this review. In some of the studies assessing the thrombin inhibitors, the results were analyzed by subgroup (HIT and HITTS), thereby allowing the morbidity and mortality to be assessed separately for each group. In other studies, results were presented only as aggregate data.
HIT Patients
The 2 studies by Lewis et al 14, 18 provide information about the frequency of morbidity and mortality in HIT patients who are treated with argatroban. Both multicenter studies included a prospective cohort of patients treated with argatroban and compared the results with those of a group of historical controls. Patients were eligible for argatroban treatment if they had a clinical diagnosis of HIT or were known to have a history of HIT. The design features and results of these 2 studies are summarized in 18 In the second study, 14 328 patients were studied. Of these, 189 received argatroban, and the outcomes in these patients were compared with those observed in 139 historical controls. The historical controls were from the same pool of control patients used in the first study, with each participating center enrolling up to 3 controls for each argatroban patient studied. The composite outcome occurred in 28.0% of argatroban-treated patients and 38.9% of controls (RRR, 0.28). Individual outcomes in the argatroban and control groups were death in 19.0% and 20.9%, respectively (RRR, 0.09), amputation in 4.2% and 2.9%, respectively (RRR, −0.49), and new TECs in 5.8% and 23.0%, respectively (RRR, 0.75). These results are summarized in Table 4 .
HITTS Patients
Argatroban. The 2 prospective cohort studies by Lewis et al 14, 18 describe the efficacy of argatroban in patients with a clinical diagnosis of HITTS. The comparisons in each study were made with a historical control group of consecutive patients with HITTS assembled within 4 years of the first trial. The controls for both studies were the same group of 46 matched historical controls. (Table 5 ). Lepirudin. Two prospective observational studies described the effect of lepirudin treatment in patients with HIT and HITTS. 15, 16 Patients were eligible for the prospective studies if they had a clinical diagnosis of HIT or HITTS and HIT-IgG detected in their plasma. The outcomes documented in these 2 prospective studies included death, amputation, and new TECs. The frequencies of outcomes observed in a subgroup of the lepirudin-treated patients followed in the prospective study, and were then compared with those of a group of historical controls. The controls were treated with the best available care in a 4-year period before lepirudin was used (1989) (1990) (1991) (1992) (1993) . For the comparison with historical controls, specific entry criteria were applied to the lepirudin-treated patients and controls in an attempt to ensure similar prog-nostic and baseline characteristics between the 2 groups. In a subsequent publication, a summary of outcomes in the patients with a diagnosis of HITTS was presented by combining the patients with HITTS from the 2 previous studies. 17 The results of this subanalysis were compared with those of the historical controls with a diagnosis of HITTS. One hundred eighty-eight patients were included in this subgroup analysis, including 113 patients receiving lepirudin and 75 historical controls. The combined outcomes (death, amputation, and new TECs) occurred in 22.1% of lepirudin-treated patients and 47.8% of controls (RRR, 0.53). The individual outcomes within the composite for the lepirudin-treated patients and controls were death in 9.7% and 17.6%, respectively (RRR, 0.44); amputation in 6.2% and 10.4%, respectively (RRR, 0.42); and new TECs in 9.7% and 27.2%, respectively (RRR, 0.60). These results are summarized in Table 5 .
Patients With HIT and/or HITTS
Some of the publications describing the use of thrombin inhibitors in patients with HIT and HITTS presented the findings for the combined group of HIT and HITTS patients, but did not provide a separate analysis for the 2 subgroups.
Argatroban. The 2 prospective studies by Lewis et al 14, 18 using argatroban in patients with HIT and HITTS presented the data by sub-group. However, the completeness of the data presented made it possible to combine data from both groups to present an analysis of the outcomes observed for a cohort of HIT and HITTS patients ( Table 6 ).
In the first study, the 497 patients included 304 treated with argatroban and 193 controls. The argatroban-treated group consisted of 53% patients with HIT and 47% with HITTS. The historical controls consisted of 76% HIT patients and 24% HITTS patients. When patients from the first study with HIT and HITTS were combined, the composite outcome occurred in 34.2% of argatroban-treated patients and 43.0% of the controls (RRR, 0.20). The frequencies of the individual components of the composite outcome were death in 17.4% and 23.3%, respectively (RRR, 0.25); amputation in 6.2% and 3.6%, respectively (RRR, −0.72); and new TECs in 13.5% and 25.4%, respectively (RRR, 0.47). 18 In the second study, a total of 418 HIT and HITTS patients were treated with argatroban, with 185 controls. 14 In the argatroban group, 45.2% of the patients had HIT and 54.8% had HITTS. In the historical controls, 75.1% of the patients had HIT and 24.9% had HITTS. When the 2 groups were analyzed together, the combined outcome occurred in 35.4% of argatroban-treated patients and 43.2% in the controls (RRR, 0.18). The frequencies of the individual components of the composite outcome for the argatroban- treated patients and controls are as follows: death in 21.3% and 22.7%, respectively (RRR, 0.06); amputation in 10.0% and 4.9%, respectively (RRR, −1.07); and new TECs in 9.8% and 25.9%, respectively (RRR, 0.62). 14 Lepirudin. As described previously, 2 prospective observa-tional studies by Greinacher et al 15, 16 report the results of patients with HIT or HITTS who were treated with lepirudin. A 2-part analysis was performed in each study. The first analysis reported the frequency of the outcomes for the entire prospective cohort of patients treated with lepirudin. The second analysis in each of the studies compared outcomes in a subgroup of the lepirudintreated patients with those documented in a group of historical controls. The proportions of the patients with HIT and HITTS in the 2 studies were not provided. The same controls were used for both studies. In the first prospective study, the composite outcome (death, amputation, and new TECs) occurred in 18.3% of lepirudin-treated patients, including death in 7.3%, amputation in 3.7%, and new TECs in 9.8%. 15 In the second prospective study, 29.5% of lepirudin-treated patients had the combined outcomes of death in 9.8%, amputation in 8.9%, and new TECs in 17.9%. 16 In the second analysis, when a subgroup of the lepirudin-treated patients was compared with a historical control group, the combined outcome was present in 25.4% of the lepirudin-treated patients in the first study and 30.5% of lepirudintreated patients in the second study. The combined outcome was present in 52.5% of controls, giving an RRR of 0.52 for the first study and 0.42 for the second study. Death occurred in 8.5% of lepirudin-treated patients in the first study, 10.5% of lepirudin-treated patients in the second study, and 24.2% of controls (RRRs, 0.65 and 0.56, respectively). In the first study, 5.6% patients treated with lepirudin ultimately underwent a limb amputation, compared with 8.3% of the controls (RRR, 0.32). For the second study, the percentages with amputation were 9.5% (lepirudin-treated patients) and 8.3% (controls), for an RRR of −0.14. 15, 16 New TECs occurred in 18.3% and 17.9% of lepirudin-treated patients (first and second studies, respectively) and in 31.7% of controls (RRRs, 0.42 and 0.43 respectively).
USE OF THROMBIN INHIBITORS IN PATIENTS WITH A HISTORY OF HIT WHO REQUIRE ANTICOAGULATION FOR CORONARY REVASCULARIZATION
Lewis and associates 19 reported the results of a pooled analysis of 3 prospective studies totaling 91 patients with a history of HIT who un- *The frequencies of these events were reported in the study, and the actual number of patients with each event was calculated using the n = 75. derwent 112 elective, urgent, or emergency percutaneous coronary revascularization procedures. The outcome measures were death, myocardial infarction, or revascularization at 24 hours or at hospital discharge. The use of glycoprotein IIb/ IIIa antagonists was disallowed. The overall event rate was 7.7%, consisting of no deaths, 4 cases of myocardial infarction, and 4 cases of revascularization. The rate of major bleeding was 1.1%. These event rates are consistent with those observed in patients undergoing coronary angioplasty without a history of HIT who are treated with conventional antithrombotic therapy. 22
SAFETY OF ANTITHROMBOTIC AGENTS: RISK FOR BLEEDING
The adverse effects associated with argatroban and lepirudin treatment in patients with HIT and HITTS were also assessed.
In the studies by Lewis et al, 14, 18 major bleeding was defined as being overt and associated with a hemoglobin level decrease of at least 0.2 g/dL that led to a transfusion of at least 2 U of blood, or bleeding that was intracranial, retroperitoneal, or into a prosthetic joint. In the first study, major bleeding occurred in 6.9% of argatroban-treated patients and 6.7% of controls (RRR, −2.56). 18 In the second study, the frequencies were 5.7% (argatroban group) and 7.0% (control group), for an RRR of 18.2. 14 The frequency of bleeding by the HIT and HITTS subgroups is summarized in the Figure. In the studies using lepirudin, a similar definition of major bleeding was used. In the first lepirudin observational study, 15, 16 the authors reported that 13.4% of patients receiving lepirudin had major bleeding. In the second observational study, 17.0% of patients treated with lepirudin had major bleeding. 16 Neither study reported bleeding outcomes separately for the HIT and HITTS subgroups, and the incidence of major bleeding in the control group was not stated. In the third report by Greinacher et al, 17 in which data from HITTS patients in the 2 previous studies were combined, the cumulative incidence of bleeding that re-quired transfusion was higher in the lepirudin-treated group compared with the historical controls (18.8% and 7.1%, respectively) ( Figure) .
COMMENT
Heparin-induced thrombocytopenia is an important complication of heparin therapy. Studies performed in the past decade have enhanced our knowledge and understanding of the presentation and pathophysiology of HIT and the causes of morbidity and mortality in HIT patients. In typical cases, HIT presents 1 week after the start of heparin therapy and can present as thrombocytopenia (HIT) or thrombocytopenia plus thrombotic complications (HITTS). These thrombi are major causes of morbidity and mortality in HIT, which can include myocardial infarction, stroke, arterial and venous thrombosis, and pulmonary embolism. [4] [5] [6] [7] The clinical observations in HIT have been paralleled by laboratory studies, which have shown that HIT is an intensely thrombotic disorder with evidence of uncontrolled thrombin generation. 5 For these reasons, a number of new antithrombotic agents have been evaluated in patients with HIT. The purpose of this report was to provide a critical review of these clinical studies.
At present, the following 3 drugs are approved in a number of countries for the treatment of HIT: danaparoid, argatroban, and lepirudin. Danaparoid (Organon, Roseland, NJ) is a heparinoid derived from porcine intestinal mucosa, composed of heparin sulfate, with lesser amounts of dermatan sulfate and chondroitin sulfate. 23 Its mechanism of action is the inhibition of factor Xa, with lesser effects on factor IIa. It exhibits in vitro cross-reactivity with the antibody causing HIT (HIT-IgG) in about 20% of cases. 24 Although in vivo crossreactivity is uncommon, it can occur. 25 Argatroban and lepirudin are direct thrombin inhibitors. Both are active against soluble and clotbound thrombin, with lepirudin having a higher thrombin-binding affinity than argatroban. Argatroban is a small (molecular weight, 526.6 Da) synthetic peptide derived from L-arginine. It has a half-life of about 45 minutes, with clearance primarily through the liver and minimal renal clearance. At a dosage of 2 µg/kg per minute, most patients quickly achieve therapeutic blood levels as measured by 1.5 to 3 times the baseline activated partial thromboplastin time. 26 Lepirudin is a 65-amino acid peptide with a molecular weight of approximately 7000 Da. 27 Originally extracted from leeches, lepirudin is now produced as a recombinant polypeptide. [27] [28] [29] It is given intravenously as a bolus dose followed by a constant infusion dosage of 0.15 mg/kg per hour adjusted to prolong the activated partial thromboplastin time ratio to 2 to 3. Frequency of major bleeding in patients with heparin-induced thrombocytopenia (HIT) and/or heparin-induced thrombocytopenia and thrombotic syndrome (HITTS) treated with argatroban or lepirudin. Reference numbers indicate Lewis et al 14,18 (2003 and 2001, respectively) and Greinacher et al 15-17 (1999, 1999, and 2000, respectively) .
Lepirudin has a half-life of 60 to 90 minutes, with elimination primarily through the kidneys. As a first step in our analysis, we used a comprehensive search process. Although a large number of studies were initially identified, only a few met eligibility criteria. Indeed, we were unable to identify any well-designed randomized controlled trials that evaluated different treatments for HIT. The absence of randomized trials in this area probably reflects the recent introduction of these thrombin inhibitors for the management of HIT and ethical concerns of conducting placebo-controlled trials in patients with HITTS. Consequently, all conclusions are limited regarding the value of the direct thrombin inhibitors for the treatment of HIT and HITTS. Specifically, valid comparison between event rates in the active treatment and historical control groups or between the 2 direct thrombin inhibitors cannot be made.
In this report, we examined the following 4 issues related to the treatment of patients with HIT: the risk for subsequent thrombosis in patients with HIT in whom the heparin therapy is discontinued; the efficacy of thrombin inhibitors in patients with HIT and HITTS; the use of thrombin inhibitors in patients with a history of HIT who require a coronary intervention; and the risk for bleeding associated with these therapies.
Three retrospective studies examined the risk for thrombosis when heparin therapy was discontinued in patients with HIT ( Table 1) . The results of all 3 studies are consistent and indicate that when patients with HIT have their heparin therapy discontinued and are treated with warfarin or no therapy, 18.6% to 51.6% of them are at risk for a subsequent thrombosis. [11] [12] [13] The highest frequency (51.6%) probably reflects the high baseline risk for thrombosis in this study population of orthopedic patients. The frequencies of thrombosis reported in the other 2 studies were similar and probably give realistic estimates (18.6%-23.0%) for a more general population of HIT patients. These studies indicate that an alternate anticoagulant is needed when heparin therapy is discontinued in a patient with HIT. [12] [13] [14] Before the availability of thrombin inhibitors, other types of anticoagulants were frequently used in patients with HIT or HITTS when heparin therapy was discontinued. Estimates of morbidity and mortality associated with these anticoagulants can be obtained from the event frequencies reported in the historical controls used in the argatroban and lepirudin studies. Death was reported in approximately 23% of patients, amputation in 4% to 8% of patients, and new TECs in 25% to 32% of patients. The frequency of the composite outcome varied from 43% to 52.5%.
The evidence of the efficacy of thrombin inhibitors in patients with HIT and HITTS is based on 2 prospective studies that evaluated argatroban and 2 that evaluated lepirudin. The 2 studies by Lewis and associates 14, 18 using argatroban were the only prospective studies reporting the efficacy of a thrombin inhibitor in patients with HIT alone. In 349 argatroban-treated patients with HIT, the adverse outcome was high at 25.6%, with death occurring in 16.9% of patients, amputation in 1.9%, and new TECs in 8.1%. Although these event rates were lower than in the historical controls, the lack of a randomly assigned control group makes the val i d i t y o f a n y c o m p a r i s o n questionable. At present, no data describe the use of lepirudin in patients with HIT.
Three prospective observational studies provide information about the use of a thrombin inhibitor for patients with HITTS. 14, 17, 18 Two of the studies were in patients treated with argatroban, 14,18 and 1 study described the use of lepirudin in patients with HITTS. 17 Since all 3 studies used historical controls, their main value lies in the descriptive information that they provide of event rates in patients with HITTS who are treated with a direct thrombin inhibitor. In studies using argatroban, the composite outcome of death, amputation, and new TECs occurred in approximately 42.4% of patients. Death was the most frequent of the composite outcomes (18%-23%), whereas the fre-quencies of new TECs and amputation were similar to those reported in patients with HIT. In the only observational study that evaluated lepirudin in patients with HITTS, 17 the composite outcome occurred in 22.1% of patients (death, 9.7%; amputation, 6.2%; and new TECs, 9.7%). Although these frequencies are lower that those reported by Lewis et al 14, 18 for argatroban in patients with HITTS, it is inappropriate to draw conclusions from these indirect comparisons because baseline factors were likely to be different between the 2 study populations.
Evidence supporting the use of thrombin inhibitors in patients with a history of HIT who require anticoagulation because of a coronary intervention procedure was also assessed. Because these patients no longer have active HIT, complications associated with their treatment would reflect the efficacy of the thrombin inhibitor. Consistent with this hypothesis are the results of Lewis et al, 19 who pooled data from 3 prospective studies of 91 patients with a history of HIT who were treated with argatroban during 112 urgent or emergency coronary revascularization procedures. The outcomes in this patient population were consistent with those of the patients without a history of HIT who were treated with conventional antithrombotic therapy during coronary angioplasty. 22 Bleeding event rates with direct thrombin inhibitors can be estimated from the argatroban and lepirudin studies. The criteria for major and minor bleeding episodes were similar between the 4 prospective studies. In general, the bleeding rates were high (6%-18%) in patients with HIT and HITTS treated with thrombin inhibitors, a finding that would be expected with anticoagulant therapy in the population under study. In contrast, the risk for bleeding in patients with a history of HIT who are treated with argatroban during coronary interventions is lower (1.1%).
Together, these prospective studies further emphasize that HIT/ HITTS is a serious condition that is associated with a high frequency of morbidity and mortality. [14] [15] [16] 18 Even (REPRINTED) ARCH INTERN MED/ VOL 164, FEB 23, 2004 when HIT/HITTS is treated with direct thrombin inhibitors, 9% to 22% of the patients will die, and an additional 6% to 18% will require amputation or experience development of a new thromboembolic event.
Properly designed randomized trials are needed to determine the relative efficacy and safety of thrombin inhibitors in patients with HIT and HITTS. However, on the basis of observational studies in patients with untreated HIT and of experience with the use of thrombin inhibitors in patients with and without HIT, the following recommendations are suggested. When a diagnosis of HIT or HITTS is suspected, heparin therapy should be stopped and replaced with an effective anticoagulant that does not cross-react with HIT-IgG. Lepirudin and argatroban are effective anticoagulants. 30 Lepirudin is cleared in the urine and accumulates in patients with renal insufficiency. In contrast, argatroban is eliminated by means of hepatic metabolism and excreted in the bile. Therefore, in patients with suspected HIT or a history of HIT who require anticoagulant therapy, argatroban should be used if the patients have renal impairment, and lepirudin should be used in those patients with hepatic dysfunction. The decision to use one or the other in patients with normal renal or hepatic function is one of personal preference.
